Nestin is an intermediate ®lament protein, which is expressed predominantly in the developing central nervous system and skeletal muscles. In situ hybridization revealed that mouse nestin mRNA is in the optic stalk at 9.0 days post coitus (dpc) and in the lens vesicle at 10.0 dpc. From 14.5 dpc onward, nestin transcripts appear in lens ®bers and neuroretina. Immunohistochemistry showed that nestin protein appears in the optic stalk at 9.5 dpc and in the posterior lens epithelium at 10.5 dpc. By 12.5 dpc, it is found in the lens, neuroretina, and optic stalk as well as in developing extrinsic ocular muscle, and it localizes in lens epithelium, optic disc, and optic nerve from 14.5 dpc to postnatal day 1. In adult eye, nestin protein appears in the optic nerve. q
The nestin gene, encoding a sixth class of intermediate ®laments, was originally cloned from a rat E15 central nervous system (CNS) cDNA library (Lendahl et al., 1990) . Nestin protein localizes mainly in neural progenitor cells during murine CNS development (Hock®eld and McKay 1985; Lendahl et al., 1990; Jing et al., 1996) . In situ hybridization with an oligonucleotide probe shows that nestin mRNA exists in many, but not all, regions of the developing CNS and correlates with the CNS progenitor cell state (Dahlstrand et al., 1995) . Outside of the CNS, nestin is present in the somitic myotome and developing myoblasts (Sejersen and Lendahl, 1993; Kachinsky et al., 1994) . We report here the spatial and temporal expression of nestin during mouse eye and lens development.
Results

Nestin protein expression during eye and lens development
Immunocytochemistry was used to localize nestin protein expression during mouse eye and lens development (Fig. 1) . In the eye on E9.5, nestin immunoreactivity is evident in the optic stalk, but not in the optic vesicle (Fig. 1A) . Reactivity is strong in the posterior lens epithelium of the E10.5 eye, but weak in neuroretina and optic stalk (Fig. 1B) . On E12.5, it appears in the neuroretina, in the lens epithelium, and overlying corneal ectoderm as well as in the optic stalk. From E12.5 onward, it is found in the mesodermal condensation representing future extrinsic ocular muscle (Fig. 1C) . On E14.5, nestin immunoreactivity is restricted to lens epithelium and optic disc, and it also appears in the optic nerve (Fig. 1D) . By E17.5, it is prominent in lens epithelium, the posterior portion of lens ®bers, optic disc, optic nerve, and the developing ciliary body as well as in the outer layer of neuroretina (Fig. 1E ). In the newborn mouse, nestin protein is found in lens epithelium and optic disc (Fig. 1F) . In the adult eye, strong nestin immunoreactivity is detected only in the optic nerve (Fig. 1G ).
Nestin mRNA expression during eye and lens development
The earliest detection of nestin mRNA transcripts in the developing eye was at E9.0 in the optic stalk and in the surface ectoderm overlying the optic vesicle ( Fig. 2A) . On E10.0, nestin mRNA was found in lens vesicle (Fig. 2B) . No nestin transcripts were detected in the developing eye from E11.0 to E13.5 (Fig. 2C) , but on E14.5, transcripts appeared in primary lens ®bers (Fig. 2D) . By E17.5, nestin mRNA was evident in the equator of the lens and in the developing ciliary body as well as in the inner layer of neuroretina (Fig.  2E ). In the P1 mouse eye, nestin transcripts were detected in E-mail address: njing@server.shcnc.ac.cn (N. Jing). 1 These authors contributed equally to this work.secondary lens ®bers and weakly in the inner layer of neuroretina (Fig. 2F ). Nestin transcripts were absent in the adult mouse eye (data not show).
In early stages of mouse eye development (E9.0±E10.5), the tissue distribution of nestin mRNA correlates well with that of its protein, except in the surface ectoderm overlying the optic vesicle in which nestin immunoreactivity is absent (Figs. 1A, B and 2A, B) . Differences between the distribution of nestin transcripts and its protein are apparent beginning on E12.5. In the E12.5 eye, nestin protein immunoreactivity is found in the neuroretina, the lens epithelium, the surface ectoderm, the optic stalk as well as in the mesodermal Fig. 2 . In situ hybridization of mouse eyes probed for nestin mRNA transcript expression: E9.0 (A), E10.0 (B), E12.5 (C), E14.5 (D), E17.5 (E) and postnatal day 1 (F). On E9.0, nestin transcripts are present in the lumenal side of the optic stalk in a pattern that correlates well with its protein localization (A). On E10.0, nestin mRNA is expressed in the posterior of the lens vesicle. A weak signal is detected in the optic stalk (arrows in B). Nestin mRNA is absent in the eye of E12.5 mouse embryos (C). On E14.5, transcripts appear in the posterior of the primary lens ®bers (D). By E17.5 expression is in the equator of the lens and the developing ciliary body as well as in the inner layer of neuroretina (E). In the P1 eye, nestin mRNA localizes in secondary lens ®bers and in the inner layer of neroretina (F). Abbreviations: cb, ciliary body; el, equator of the lens; le, lens epithelium; lf, lens ®ber; ln, lens; lv, lens vesicle; nr, neuroretina; os, optic stalk; ov, optic vesicle; plf, primary lens ®ber; slf, secondary lens ®ber. Fig. 1 . Immunohistochemistry of nestin in mouse eye: E9.5 (A), E10.5 (B), E12.5 (C), E14.5 (D), E17.5 (E), postnatal day 1 (F), and adult (G). Note that in the E9.5 eye nestin immunoreactivity is strong in the neural epithelium of optic stalk and gradually decreases from posterior-to-anterior in the outer layer of the optic vesicle. Nestin protein is not expressed in the inner layer of optic vesicle or in the lens placode (A). Immunoreactivity is strong in the E10.5 posterior lens epithelium. It also occurs in the inner layer of the neuroretina and in the endfeet of the curved portion of the optic stalk (white arrows in B). On E12.5, immunoreactivity is strong in lens epithelium, in the overlying corneal ectoderm, and in the inner layer of neuroretina. It also appears at the border between optic stalk and the surrounding tissues (white arrows in C). From E12.5 onward, immunoreactivity is found in the mesodermal condensation representing future extrinsic ocular muscle (C). On E14.5, it is restricted to the endfeet of the anterior lens epithelium, and it also appears weakly in the optic disc and optic nerve (D). By E17.5, immunoreacitvity is prominent in lens epithelium, the posterior portion of lens ®bers, optic disc, optic nerve, and the developing ciliary body as well as in the outer layer of neuroretina (E). In newborn mice, nestin protein is found in the anterior lens epithelium and optic disc (F). In the adult mouse, nestin immunoreactivity is in the optic nerve (G). Abbreviations: cb, ciliary body; dr, diencephalic recess; le, lens epithelium; lf, lens ®ber; ln, lens; lp, lens placode; mc, mesodermal condensation; nr, neuroretina; od, optic disc; on, optic nerve; onr, outer layer of neuroretina; os, optic stalk; ov, optic vesicle; pr, pigmented retina; tv, telencephalic vesicle. condensation (Fig. 1C) . No nestin transcripts are detected, however (Fig. 2C) . By E14.5, nestin proteins are restricted to the lens epithelium, the optic disc, and optic nerve, but its transcripts localized only in primary lens ®bers (Figs. 1D  and 2D ). On E17.5, nestin proteins are evident in lens epithelium, the posterior portion of lens ®bers, optic disc, optic nerve, and the outer layer of neuroretina as well as in the developing ciliary body. By contrast, nestin transcripts appear in the equator of the lens and the inner layer of neuroretina as well as in the developing ciliary body, the only region where the protein and its mRNA colocalize (Figs. 1E and 2E ). In the P1 mouse eye, nestin protein is found in lens epithelium and optic disc, while nestin transcripts are detected strongly in secondary lens ®bers and weakly in the inner layer of neuroretina (Figs. 1F and 2F ). In the adult eye, nestin immunoreactivity is prominent in the optic nerve, but nestin transcripts are not detected (Fig. 1G ).
Nestin expression in E14.5 lens
In E14.5 lens, nestin mRNA colocalized with nuclei of the lateral ®ber cells, but they separate gradually while the lens ®ber nuclei migrate towards the anterior part in the middle of lens (Fig. 3A±C) . By contrast, nestin protein was found exclusively in the apical endfeet of lens epithelial cells (Fig. 3D ).
Materials and methods
cDNA cloning
Mouse nestin cDNA cloning will be published elsewhere, the GenBank accession no. of mouse nestin is AF076623.
In situ hybridization and DAPI staining
Mouse embryos and eyes of new born mice were ®xed in phosphate-buffered saline (PBS) containing 4% paraformadehyde (PFA) for 2.5 h at room temperature. Fixed tissues were washed in PBS and then embedded in Paraplast w . Tissue blocks were sectioned at a thickness of 8 mm. In situ hybridization was performed as described (Tsukamoto et al., 1991) . The BamHI-KpnI fragment of M5 (1 kb) was subcloned into a pSPT18 vector. The plasmid was linearized with BamHI or EcoRI and transcribed with T7 and SP6 RNA polymerase using digoxigenin-labeled UTP to generate sense and antisense riboprobes. To verify the gene expression pattern in lens from E15.5 onward, the six3 gene served as a positive control. The expression pattern of six3 in developing lens is consistent with that previously described (Oliver et al., 1995) . For 4 H , 6 H -diamidino-2-phenylindole (DAPI) staining, hybridized slides were incubated in a 1:2000 diluted DAPI solution for 5 min at room temperature. Fig. 3 . Nestin expression in E14.5 lens. Nestin mRNA is found in primary lens ®ber cells, and the transcripts colocalize with nuclei of ®ber cells in the lateral lens. The transcripts gradually disperse as the ®ber nuclei migrate anteriorly in the middle of lens (in situ hybridization and DAPI staining in A±C). By contrast, immunochemistry shows that nestin protein is restricted to the apical endfeet of lens epithelial cells (D). Abbreviations: le, lens epithelium; lf, lens ®ber.
Immunohistochemistry
Tissues were embedded in paraf®n and sectioned at a thickness of 8 mm. Non-speci®c binding of antibody was blocked with PBS containing 1% BSA, 0.5% normal goat serum. Polyclonal rabbit anti-mouse nestin IgG (Jing et al., 1996) was diluted 1:200 in blocking solution and was applied to sections overnight at 48C. After washing with PBS, sections were incubated with alkaline phosphatase conjugated goat anti-rabbit IgG diluted 1:200. Bromochloroindolyl phosphate and nitro blue tetrazolium were used as the substrates for color development.
